The objective is to evaluate clinical characteristics and cerebral alterations in Parkinson's disease (PD) patients with diurnal visual hallucinations (VHs). Assessment was performed using magnetic resonance image (MRI) and voxel-based morphometry (VBM). Thirty-nine patients with PD (53.8%) and ten controls were studied. Voxel based morphology analysis was performed. Eleven patients presented diurnal VHs and among these, six had cognitive dysfunction. Patients with VHs performed worse in the mentationrelated UPDRS I (p = 0.005) and motor-related UPDRS III (p = 0.02). Patients with VHs showed significant clusters of reduced grey matter volume compared to controls in the left opercula frontal gyrus and left superior frontal gyrus. PD without hallucinations demonstrated reduced grey matter volume in the left superior frontal gyrus compared to controls. Comparisons between patients with VHs regarding the presence of cognitive dysfunction showed that cases with cognitive dysfunction as compared to those without cognitive dysfunction showed significant clusters of reduced grey matter volume in the left opercular frontal gyrus. Cases without cognitive dysfunction had reduced grey matter substance in the left insula and left trigonal frontal gyrus. Judging from our findings, an abnormal frontal cortex, particularly left sided insula, frontal opercular, trigonal frontal gyrus and orbital frontal would make PD patients vulnerable to hallucinations. Compromise of the left operculum distinguished cases with VHs and cognitive dysfunction. Our findings reinforce the theoretical concept of a top-down visual processing in the genesis of VHs in PD.
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Introduction
A significant number of patients with Parkinson's disease (PD) will develop visual hallucinations (VHs) in the course of their illness (Rodriguez-Violante, Cervantes-Arriaga, Villar-Velarde, & Corona, 2010) greatly affecting day care and quality of life (Gomez-Esteban et al., 2011; Naismith & Lewis, 2011) . Visual hallucinations in PD are described as involuntary perceptual experiences in waking state without external visual stimulation and with retained insight (Collerton, Perry, & McKeith, 2005) . Typically, VHs consist of complex visual, commonly moving, images lasting for seconds to minutes, experienced in the alert state with eyes open. It can affect 30-50% of all PD patients (Meppelink et al., 2009 ). Disease duration, impairment in activities of daily living and anxiety have been related to VHs in PD (Gibson et al., 2012) . Other associated factors are dopaminergic therapy, cognitive impairment, severity of motor symptoms, sleep disorders and depression (Bar et al., 2006) . Possibly, VHs in PD are of multifactorial origin.
Previous neuroimage studies have shown alterations across a number of cortical and sub-cortical brain areas (Ibarretxe-Bilbao, Junque, Marti, & Tolosa, 2011) . The presence of VHs in PD has been related to Lewy body pathology in medial temporal areas (Harding, Broe, & Halliday, 2002; Williams & Lees, 2005) . Papapetropoulos et al. reported an association between VHs and the presence of Lewy bodies not only in medial and inferior temporal cortices, but also in frontal and parietal areas (Papapetropoulos, McCorquodale, Gonzalez, Jean-Gilles, & Mash, 2006) . Furthermore, Ramirez-Ruiz et al. proposed that structural grey matter reductions in the left lingual gyrus and in the superior parietal lobe, bilaterally in PD patients with VHs, could lead to visuoperceptual impairment; visuoperceptual impairment has been implicated as an important causal factor for the occurrence of VHs
